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ABSTRACT
We obtained Arecibo Hi line follow-up observations of 154 of the 2600 galaxies in the Nançay Interstellar Baryons Legacy Extra-
galactic Survey (NIBLES) sample. These observations are on average four times more sensitive than the original observations at the
Nançay Radio Telescope. The main goal of this survey is to characterize the underlying Hi properties of the NIBLES galaxies which
were undetected or marginally detected at Nançay. Of the Nançay non-detections, 85% were either clearly or marginally detected at
Arecibo, while 89% of the Nançay marginal detections were clearly detected. Based on the statistics of the detections relative to g-i
color and r-band luminosity (Lr) distribution among our Arecibo observations, we anticipate ∼60% of our 867 Nançay non-detections
and marginal detections could be detected at the sensitivity of our Arecibo observations. Follow-up observations of our low luminosity
(Lr < 108.5 L) blue sources indicate that they have, on average, more concentrated stellar mass distributions than the Nançay detec-
tions in the same luminosity range, suggesting we may be probing galaxies with intrinsically different properties. These follow-up
observations enable us to probe Hi mass fractions, log(MHI/M?) 0.5 dex and 1 dex lower, on average, than the NIBLES and ALFALFA
surveys respectively.
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1. Introduction
The optical luminosity function (LF) and the Hi mass function
(HIMF) are two of the most important and fundamental tracers
of the volume density distribution of galaxies in the universe.
They yield clues to both the baryonic and dark matter content of
galaxies, as well as their evolutionary histories. Consequently,
there are many applications for which the LF and HIMF can
be used, for example, as constraints in galaxy formation mod-
els (see, e.g., Benson et al. 2003; Lu et al. 2014).
Many studies have attempted to constrain both of these func-
tions over the years. Since the LF was first fitted to an analytic
form by Schechter (1976), many subsequent studies have at-
tempted to analyze its various properties and constrain its param-
eters (see, e.g., Felten 1985; Efstathiou et al. 1988; Loveday et al.
1992, 2015; Blanton & Collaboration 2001; Blanton et al. 2003;
Montero-Dorta & Prada 2009; McNaught-Roberts et al. 2014).
The HIMF, having the same functional form as the LF, has also
been analyzed in detail, although to a somewhat lesser extent
(see, e.g., Zwaan et al. 1997, 2003; Kilborn et al. 1999; Kovac
et al. 2005; Springob et al. 2005; Martin et al. 2010; Hoppmann
et al. 2015).
To date, both these functions have been treated separately in
their analyses. One of the main goals of the Nançay Interstellar
Baryons Legacy Extragalactic Survey (NIBLES) is to study the
inter-relation between these two fundamental population trac-
Send offprint requests to: Z. Butcher
ers. More specifically, we want to analyze the HIMF and other
galaxy properties as a function of optical luminosity. To achieve
this goal, we carried out a 21cm Hi line survey at the 100m
class Nançay Radio Telescope (NRT). The final observed sam-
ple consists of 2600 galaxies selected from the Sloan Digital Sky
Survey (SDSS; see e.g., York et al. 2000) with radial velocities
900<cz<12,000 km s−1. The galaxies were selected to be dis-
tributed evenly over their entire range of absolute z-band mag-
nitudes (∼ −13.5 to −24), which was used as a proxy for total
stellar mass — see van Driel et al. (2016, Paper I) for further
details.
The NIBLES galaxy selection criteria are:
1. Must have both SDSS magnitudes and optical spectrum;
2. Must lie within the local volume (900<cz<12,000 km s−1);
3. Uniform sampling of each 0.5 magnitude wide bin in abso-
lute z-band magnitude, Mz;
4. Preferentially observe nearby objects;
5. No a priori selection on color.
NIBLES, with its relatively uniform selection of galaxies
that are based on total stellar mass, is aimed to complement other
recent and/or ongoing large Hi surveys in the local volume, in
particular, blind surveys such as ALFALFA (e.g., Haynes et al.
2011). One main advantage of NIBLES over blind Hi surveys
is our increased on-source integration time, which enables us to
reduce the rms noise of the observations. Each NIBLES source
was initially observed at Nançay for about 40 minutes of tele-
scope time, resulting in a mean rms noise of ∼3 mJy at 18 km s−1
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resolution. In the case of weak or non-detections, observations
were repeated (as time allowed) resulting in a target rms noise
between 1.5 and 1.8 mJy for the majority of our undetected sam-
ple. However, there were a number of sources where follow-up
time was unavailable to achieve the desired rms, which resulted
in a mean of 2.3 mJy for the remainder of the undetected sample,
yielding a bimodal rms noise distribution (see Paper I).
Of the 2600 NIBLES galaxies, 1733 (67%) were clearly de-
tected, 174 (7%) marginally detected, and 693 (27%) were not
detected. To adequately quantify our Hi distribution across the
optical LF, we need to gain a statistical understanding of the
underlying Hi distribution of sources which were undetected at
Nançay. We therefore carried out pointed observations of 90 un-
detected or marginally detected galaxies at the 305m Arecibo
radio telescope, which gives us a noise level reduction by about
a factor of four. Additionally, we had a number of sources suf-
fering from observational problems at Nançay which we re-
observed at Arecibo, and during periods of time when primary
target sources were unavailable, we observed detected NIBLES
sources to compare flux calibrations at the two observatories. In
total, we observed 154 galaxies from the NIBLES sample (see
Sect. 2 and Paper I for details).
Here we present the results from these follow-up observa-
tions along with a brief synopsis of the differences in the data
between the Nançay and Arecibo samples. The main purpose of
this paper is data presentation. Further analysis will be carried
out in subsequent papers. In Sect. 2 we describe the selection of
the observed sample of galaxies and in Sect. 3, the observations
and data reduction. The results are presented in Sect. 4 and dis-
cussed in Sect. 5. An analysis of this data regarding the impact
on our Hi distribution as a function of optical luminosity will be
presented in Paper III (Butcher et al., in prep.). All source num-
bers presented in this paper refer to the NIBLES source number,
which can be cross-referenced with other common source names
in the tables presented here and in Paper I.
2. Sample selection
Our total sample of Arecibo follow-up galaxies consists of 154
sources. Of these, 90 are classified as either non-detections or
marginal detections at Nançay, with the remaining 64 consisting
of sources initially suffering from observational problems such
as OFF beam detections or RFI and a handful of sources used
for flux comparison between the two telescopes. Of these 64,
ten were excluded from the original NIBLES catalog because
their Nançay observations contained technical problems which
we were not able to overcome (listed in Table 5).
Of the 90 Nançay non-detected or marginally detected galax-
ies, 59 were selected based on color (u-z < 2) and radial velocity
(cz < 4000 km s−1) for the specific reason that these blue, nearby
galaxies would normally be expected to have Hi and yet were
undetected at Nançay.
3. Observations and data reduction
The Arecibo radio telescope uses a 305m diameter spherical pri-
mary mirror and covers a declination range of −1◦ < δ < 38◦
with pointing accuracy of about 5′′. We used the L-band wide-
band receiver (L-wide) with the Wideband Arecibo Pulsar Pro-
cessor (WAPP) correlator backend using two polarizations with a
bandpass of 50 MHz (approximately 10,600 km s−1) across 4096
frequency channels corresponding to a channel separation of 2.6
km s−1at z∼0. The L-wide receiver has a half power beam width
of approximately 3′.5 and yields an effective system temperature
typically between 28 and 32 K. Data were taken in standard 5/5
minute integration ON/OFF position switching mode. All galax-
ies were observed for a minimum of one 5/5 minute cycle, and
some of the blue low-luminosity galaxies were observed longer
depending on telescope time and signal strength after the first
observation.
Throughout this paper, all radial velocities given are helio-
centric, and all Hi-line related parameters are according to the
conventional optical definition (V = c(λ – λ0)/λ0).
Observations were carried out in two sessions, between De-
cember 2008 and October 2009 and between March and Septem-
ber 2012 for a total of 59 hours.
Data were reduced using a combination of Phil Perillat’s IDL
routines and Robert Minchin’s CORMEASURE routine from
the Arecibo Observatory. All Hi spectra were Hanning smoothed
to a median velocity resolution of 18.7 km s−1 to match the 18
km s−1 resolution of the NRT spectra as closely as possible. All
Hi spectra shown here have a heliocentric, optical (cz) radial ve-
locity scale.
Two of our sources, 1260 and 2434 (i.e., PGC 4546173 and
CGCG 427-032), suffered from a baseline ripple with a wave-
length corresponding to approximately 210 km s−1 which we
were able to remove via a Fourier transform, see Appendix A
for details.
4. Results
The Arecibo observations enabled us to probe our sample about
four times deeper on average than at Nançay. The mean rms
noise of the Nançay undetected sample is 2.33 mJy whereas the
mean rms noise of our Arecibo observations is 0.57 mJy, both at
18 km s−1 resolution.
As with our Nançay data, we divided the sources into de-
tected, marginally detected, and non-detected categories. This
was accomplished through visual inspection of each Hi spectrum
by three independent adjudicators (ZB, WvD, SES). Disagree-
ments were discussed until a consensus was reached. The galax-
ies in the marginal detection category have Hi line spectra with a
peak signal-to-noise ratio less than four, but coinciding with the
SDSS optical velocity. The galaxies in this category would most
likely be missed in a survey of objects with previously unknown
velocity. However, the low probability of a strong noise peak co-
inciding with the SDSS optical velocity lends greater credibility
to the likelihood that these peaks represent real signals.
There is generally very good agreement (< 3 km s−1 on av-
erage) between the DR9 heliocentric velocities and our Hi ve-
locities, with the exception of three cases. These three outliers,
sources 1631, 2434, and 2606 (i.e., NGC 4290, CGCG 427-
032, and NGC 3772 respectively) all have velocity discrepancies
larger than 50 km s−1. Source 1631 has the SDSS spectral fiber
positioned out in its disk, blueshifting the overall redshift mea-
surement. Source 2434 is confused with a secondary source in
the Arecibo beam, but source 2606 suffers no obvious signs of
confusion or spectral fiber offsets and the optical spectrum does
not appear noisy (see Fig. B.1). However, source 2606 is also
listed in de Vaucouleurs et al. (1991) as having a heliocentric ve-
locity of 3478±50 km s−1 which agrees with our Hi velocity of
3423±7 km s−1.
The optical data listed are in general from the SDSS DR9
(see also Paper I) with the median total stellar masses and star-
formation rates taken from the corresponding publicly available
SDSS added-value MPA-JHU catalogs (Brinchmann et al. 2004;
Kauffmann et al. 2003; Salim et al. 2007; Tremonti et al. 2004)
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where available. In cases where estimates are not available, stel-
lar masses, specific Star Formation Rates (sSFR), and gas mass
fractions (log(MHI/M?)) are marked as “—-”.
Due to the limited redshift range of NIBLES, the difference
in luminosity distances used for our Hi masses and the stellar
mass estimates from MPA-JHU are less than a few percent in the
most extreme cases. This systematic difference is far less than
the typical uncertainty in the stellar mass estimates themselves,
which are on the order of 20%.
Listed throughout the tables are the following properties of
the target galaxies:
– RA & Dec: Right Ascension and Declination in J2000.0 co-
ordinates, as used for the observations;
– Other name: common catalog name, other than the SDSS;
– Vopt: heliocentric radial velocity (cz) measured in the optical
(in km s−1), from Paper I;
– log(M?): total median stellar mass estimates (in M);
– log(sSFR): specific Star Formation Rate, or SFR/M?(in
yr−1);
– g − z: g-z integrated color of the galaxy using SDSS model
magnitudes, corrected for Galactic extinction, following
Schlegel et al. (1998) (in mag);
– Mg: integrated absolute g-band magnitude, corrected for
Galactic extinction following Schlegel et al. (1998);
– rms: rms noise level values of the Hi spectra (in mJy);
– VHI: heliocentric radial velocity (cz) of the center of the Hi
line profile (in km s−1);
– W50, W20: velocity widths measured at 50% and 20% of the
Hi profile peak level, respectively, uncorrected for galaxy in-
clination (in km s−1);
– FHI: integrated Hi line flux (in Jy km s−1);
– S NR: peak signal-to-noise ratio, which we define as the peak
flux density divided by the rms; For non-detections, the S NR
listed is the maximum found in the expected velocity range
of the Hi profile;
– S/N: signal-to-noise ratio determined taking into ac-
count the line width, following the ALFALFA Hi
survey formulation from Saintonge (2007): S/N =
1000(FHI/W50)·(W50/2·R)0.5)/rms, where R is the veloc-
ity resolution, 18.7 km s−1on average;
– log(MHI): total Hi mass (in M), where MHI =
2.36×105·D2·FHI, where D = V/70 is the galaxy’s dis-
tance (in Mpc). In the cases of non-detections, 3σ upper
limits are listed for a flat-topped profile with a width
depending on the target’s r-band luminosity, Lr, according
to the upper envelope in the W20 - Lr relationship of our
Nançay clear, non-confused detections (see Paper I);
– log(MHI/M?): ratio of the total Hi and stellar masses.
Estimated uncertainties are given after the values in the ta-
bles. Uncertainties in the central Hi line velocity, VHI, and in the
integrated Hi line flux, FHI, were determined following Schnei-
der et al. (1986, 1990) as, respectively
σVHI = 1.5(W20 −W50)SNR−1 (km s−1) (1)
σFHI = 2(1.2W20R)
0.5rms (km s−1) (2)
where R is the instrumental resolution, 18 km s−1, SNR is the
peak signal-to-noise ratio of a spectrum and rms is the root mean
square noise level (in Jy). Following Schneider et al., the uncer-
tainty in the W50 and W20 line widths is expected to be 2 and 3.1
times the uncertainty in VHI, respectively.
Table 1 lists all 72 sources detected at Arecibo which
were either undetected (55 sources) or marginally detected (17
sources) at Nançay. Table 2 lists the five Arecibo marginal de-
tections which were undetected at Nançay, and Table 3 lists
the 15 sources not detected at Arecibo, including 11 Nançay
non-detections, two Nançay marginal detections and two others
flagged as NRT confused detections which were not detected at
Arecibo due to its smaller beam size.
In Table 4 we compare line flux parameters of galaxies we
detected at both Arecibo and Nançay and in Table 5 we list the
ten sources detected at Arecibo which were not included in our
final Nançay sample due to data problems (see Paper I).
The following types of cases have been flagged in the tables
following the naming conventions in Paper I:
– C (3 cases): Hi detection of the target galaxy confused by
another galaxy within the Arecibo telescope beam;
– C3 (1 case): Hi detection of the target galaxy confused by
another galaxy in the Arecibo telescope beam, but the sec-
ondary source likely contributes a minor amount of flux to
the total observed flux;
– K (8 cases): Nançay Hi detection either clearly or possibly
confused by another galaxy within the NRT beam;
– D (2 cases): baseline ripple removed from Hi spectrum (see
Sect. 3);
– M (19 cases): original Nançay detection classification
changed to marginally detected;
– R (2 cases): sources possibly resolved by the Arecibo beam.
These sources have an SDSS optical image with a diameter
about the same size as the Arecibo beam which is expected
to lead to an underestimate of their total Hi flux.
Color SDSS images alongside the Hi line spectra of our
Arecibo detections are shown in Fig. B.1, marginal detections
are presented in Fig. B.2, and non-detections in Fig. B.3.
Due to the updated detection category classifications and
reprocessing of the Nançay data, our Arecibo follow-up sam-
ple now consists of 54 galaxies detected at Nançay (of which
52 were detected at Arecibo and the remaining two are con-
fused detections at Nançay where the signal is from a secondary
source) as well as 90 galaxies which are either undetected (71)
or marginally detected (19) at Nançay and ten galaxies for which
we have no useable Nançay data. These ten have been added to
the NIBLES catalog and assigned succeeding source numbers,
see Table 5.
4.1. Flux comparison between Arecibo and Nançay
For our ten calibration sources which have a Nançay peak signal-
to-noise ratio greater than 8, we compared the Hi line flux ra-
tios at both telescopes using a weighted mean. Each source
was weighted by the inverse square of its flux uncertainty to
more heavily weight the sources with lower errors. The result-
ing Arecibo/NRT flux ratio is 1.19±0.08 where the uncertainty
is given by the standard deviation of the weighted mean. This
offset is consistent with the flux offset discussed in Paper I. De-
tailed analysis of this flux scale difference is beyond the scope
of this paper (see Paper I for details).
5. Discussion
5.1. Arecibo detection rate of Nançay non-detections and
marginal detections
In this section and the remainder of this paper we focus on the
Arecibo follow-up sample consisting of the 90 galaxies observed
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Fig. 1: Number of galaxies as a function of g-i color, corrected for
Galactic extinction following Schlegel et al. (1998). The black line is
the total number of observed galaxies in each 0.25 mag wide bin and
the blue line the total number of detected galaxies. The peak around 0.5
mag is due to our specific selection of blue objects (see Sect. 2).
at Arecibo which were either undetected or marginally detected
at Nançay. The Nançay marginal detections are included with the
Nançay non-detections for the analyses presented below since
the marginal detection category had not yet been implemented
at the time of this our Arecibo survey.
Of our 90 Nançay non-detections or marginal detections, 72
had sufficient Hi line flux to be clearly detected at Arecibo, re-
sulting in a high overall detection rate of 80% (greater than 85%
counting Arecibo marginal detections). One likely reason for this
high detection rate is that most of our sample consisted of pre-
dominately blue, nearby star-forming galaxies. This color bias is
obvious in Fig. 1, which shows the number of galaxies observed
and detected as a function of g-i color. All of the galaxies with
g-i colors bluer than 0.3 were detected, whereas only one third
of the reddest galaxies were detected.
A color-magnitude diagram of integrated g-i colors as a func-
tion of r-band luminosity is shown in Fig. 2 for our detec-
tions, non-detections, and marginals of both the Arecibo and the
Nançay samples. The dichotomy in both color and luminosity
between Hi detections and non-detections is obvious in this plot.
At the low luminosity end (log(Lr) < 9), the Nançay data show
a color dichotomy with the detections clustering around g-i ∼0.4
(commonly referred to as the “blue cloud”) and non-detections
clustering around g-i ∼0.8 (commonly referred to as the “red se-
quence”). This dichotomy has not previously been seen in larger
surveys such as Gavazzi et al. (2010); Huang et al. (2012), pri-
marily due to the smaller dynamic range probed by the former
and by the exclusion of lower luminosity red galaxies in the lat-
ter. However, due to the NIBLES selection criteria and our ∼1
dex larger dynamic range, our sample contains a clear separa-
tion by color at low luminosities.
The sole Arecibo non-detection in this low-luminosity range
(inverted blue triangle in Fig. 2) has a relatively red color, but
several other low-luminosity red sources were detected, and two
of the bluer low-luminosity galaxies were only marginally de-
tected at Arecibo. Further follow-up of these red, low luminosity
sources is needed to establish the Hi mass properties of this low-
luminosity red population.
The blue cloud largely disappears at luminosities higher than
log(Lr) = 9.5, where the majority of sources cluster around g-i
Fig. 2: Integrated g-i color, in mag, as function of absolute r-band lu-
minosity, log(Lr) in L, both corrected for Galactic extinction following
Schlegel et al. (1998). Nançay detections, marginals, and non-detections
are represented by gray dots, open gray circles, and open red circles
respectively. Arecibo detections, marginals, and non-detections are re-
spectively represented by black solid stars, open stars, and blue down-
ward triangles. The low luminosity end (log(Lr) < 9) shows a color di-
chotomy with Hi detections and non-detections clustering around g-i
∼0.4 and g-i ∼0.8 respectively, showing a clear distinction between the
blue cloud and red sequence galaxies. Above luminosities of log(Lr)
∼9.5, the blue cloud disappears while the red sequence galaxies shift to
redder colors, g-i ∼1.2.
color of ∼1.2. However, aside from the fact that these galaxies
have relatively more non-detections compared to the low lumi-
nosity galaxies, the mixture of detections with non-detections
suggests that a not insignificant fraction of the red sequence
galaxies may contain detectable levels of Hi. However, deeper
follow-up observations of red sequence galaxies will be needed
to answer this question.
We compare the detection fractions as a function of g-i color
and Lr for our Nançay and Arecibo samples in Fig. 3, counting
the marginal detections in with the non-detections. The Nançay
data show a global decrease in detection fraction as a function
of color while the Arecibo data show a rather sharp drop by
about a factor of 2.5 above g − i ∼0.8. As a function of luminos-
ity, the Nançay detection percentage shows no decrease below
log(Lr) ∼10 while the Arecibo sample shows a two times lower
detection rate above log(Lr) ∼9. The plotted uncertainties in the
Nançay data points are the standard deviation of the binomial
distribution, given by
σ =
√
P(1 − P)
n
(3)
where P is the probability of detection, given by m/n where m is
the number of detections and n is the total number in a particular
bin. The Arecibo data generally have a small number of sources
per bin which in some cases makes the uncertainty difficult to
quantify. We therefore adopted the 90% confidence limits from
Gehrels (1986) for dealing with the small number statistics of
the Arecibo sample.
If we apply the Arecibo detection percentages to the Nançay
sample, we would expect (with observations of the same sensi-
tivity as our Arecibo sample, i.e., four times lower noise than at
Nançay) to detect about 60% (or ∼530) of the 867 Nançay non-
detections and marginal detections: based on color statistics the
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Fig. 3: a. Detection fraction for the NIBLES Nançay sample (gray)
and the Arecibo follow-up sample (black) as a function of g-i color. b.
Detection fractions as a function of r-band luminosity. Error bars for the
Nançay data are the standard deviation of the binomial distribution and
the error bars for the Arecibo data were calculated following Gehrels
(1986) using the 90% confidence intervals. Bin sizes are 0.3 for a and 1
for b.
expected number is, 526±160 and it is 546±158 from the lumi-
nosity data (see Fig 4). The uncertainty is calculated by adding
in quadrature the fractional uncertainty in each g-i or Lr bin, re-
spectively.
We have a total remaining sample of 442 Nançay undetected
or marginally detected galaxies within the Arecibo declination
range, consisting mostly of redder low-luminosity (below Lr ∼
109 L) sources as well as some higher luminosity red sequence
galaxies. Based on our current results, we estimate that compara-
ble observations of the remaining 442 sources at Arecibo would
require about 160 hours of telescope time: 60% to be observed
for our standard 5 minute on-source integrations and the other
40% for 15 minutes each. If detection statistics follow the same
pattern as this sample, we would expect about 60% of the re-
maining Nançay undetected sample to be detected at Arecibo.
This would bring the over-all detection rate of the NIBLES sam-
ple within the Arecibo declination range to ∼89%, and the global
detection rate to ∼77%. If we extrapolate these detection per-
centages to the entirety of the NIBLES sample, we would expect
the NIBLES global detection rate to increase to ∼86%.
Fig. 4: Total number of galaxies either undetected or marginally de-
tected at Nançay that would be detectable with the same sensitivity as
our Arecibo observations, as a function of g-i color. Black indicates
Nançay non-detections and marginals, whereas the solid blue line is the
estimated number of galaxies that would be detectable based on our
Arecibo sample detection rate. The blue dashed and dash-dotted lines
are based on, respectively, the upper and lower envelopes of the uncer-
tainties in the detection rate, see Fig. 3
Of the subset of our sample that was selected on low lumi-
nosity and blue color, we achieved a 100% detection rate (includ-
ing the Arecibo marginal detections). We also managed to detect
several red sequence galaxies with very low Hi stellar mass ra-
tios, log(MHI/M?) < −2 (see Fig. 9). Two of these have stel-
lar masses greater than 1011.5 M, placing them in an area of
MHI/M?–M?parameter space not probed by the ALFALFA sur-
vey and as yet virtually unexplored.
5.2. Physical properties of Arecibo-detected galaxies
In Paper I we used the W20 - Lr relationship to estimate the
maximum Hi line width a galaxy typically has for a given lu-
minosity. The least-squares fit to this relationship is log(W20)
= 0.4 + 0.2 · log(Lr). When comparing the Arecibo data to the
Nançay data, the Arecibo detections appear to have W20 val-
ues that are about 35% narrower than the corresponding Nançay
detections of the same luminosity. This is due in large part to
our selection of low luminosity blue dwarf galaxies, which are
predominately supported by velocity dispersion rather than ro-
tation. Consequently, the Hi line profiles of these galaxies are
typically Gaussian shaped rather than displaying the commonly
seen two-horned profiles. Since these galaxies make up ∼70%
of our Arecibo detections, they are primarily responsible for this
offset. To illustrate this effect, we subtract the fit to the W20 - Lr
relationship from each source in the range log(Lr) ≤ 8.5 and plot
the resulting distributions for both the Nançay and Arecibo data
in Fig. 5. The mean and standard deviations of the Nançay and
Arecibo distributions are 7±36 and –22±20 km s−1 respectively.
As is evident, the majority of the line widths for the Arecibo
sample lie below the mean fit of the Nançay sample and have a
much narrower distribution.
To see if this difference in Hi line profile width corresponds
to any differences in over-all stellar distribution, we examine
the distributions of r-band half-light radius. Here we define the
half-light radius as the R50 radius encompassing 50% of the Pet-
rosian flux, scaled for the Hubble-flow distance to the galaxy.
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Fig. 5: Relative number of galaxies per bin for the Nançay and Arecibo
samples as a function of the fit to the W20 - Lr relationship, i.e., W20 –
2.355 · Lr0.207 with a bin size of 10.
Fig. 6: Relative number of galaxies per bin of the Nançay and Arecibo
samples as a function of half-light radius, in kpc. Bin size is 100 pc.
This radius gives a general sense of the stellar mass concentra-
tion within a galaxy under the assumption that the mass-to-light
ratios of galaxies of the same luminosity are fairly consistent. To
test this assumption, we examined the distribution of g-r colors
between the low luminosity (log(Lr) ≤ 8.5) Arecibo and NRT
samples and found no significant difference (a Kolmogorov-
Smirnov (K-S) test returns a 49.4% probability that these dis-
tributions are not drawn from the same parent sample). The sim-
ilarities in color distribution between the two samples indicates
that they do not have vastly differing stellar populations. There-
fore, differences in half-light radius should indicate differences
in compactness.
We plot the half-light radius distribution of the two samples
in Fig. 6, which shows that the Arecibo data are systematically
offset to lower radii than the Nançay data. The mean and stan-
dard deviations are 0.68±0.32 kpc for Nançay and 0.47±0.22
kpc for Arecibo. A K-S test returns a 94% probability that the
Nançay and Arecibo samples are not drawn from the same par-
ent distribution.
The smaller half-light radii of the Arecibo sample, combined
with the fact that these galaxies have narrower Hi line widths, on
Fig. 7: Integrated Hi line flux FHI (in Jy km s−1) as a function of W50
line width (in km s−1). Shown are the NIBLES non-confused and non-
resolved detections and marginals from both our Arecibo and Nançay
observations, together with the ALFALFA data from the α.40 catalog
(Haynes et al. 2011), where green dots represent detections (their Cat-
egory 1) and light blue dots represent marginals (Category 2). The red
line indicates the integrated line flux from a 3σ flat-topped profile with
a 0.57 mJy rms noise level.
average, may indicate that these galaxies are indeed more com-
pact. Since dwarf galaxies tend to have rotation curves that in-
crease with radius, the narrow Hi line widths of these galaxies
may be an indicator that the Hi is being confined to the central
regions of the galaxy. If this is the case, it may imply that these
galaxies are in a different phase of evolution than their Nançay
detected counterparts. However, further investigation is neces-
sary.
In Fig. 7 we show the integrated Hi line flux as a function
of the W50 line width for both our Arecibo and Nançay non-
confused and non-resolved detections and marginals, together
with the ALFALFA detections and marginals from Haynes et al.
(2011) for comparison. We also indicate the line flux for a flat-
topped 3σ detection with the mean Arecibo rms noise level of
0.57 mJy, to show where weak detections are expected to lie.
The ALFALFA data show an increasingly marked absence
of weak sources with decreasing line width, beginning at about
W50∼100 km s−1. This is to due to both the detection threshold
of ALFALFA (see Giovanelli et al. 2005) and the fact that blind
surveys have no a priori knowledge of source redshifts. In the
NIBLES observations, prior knowledge of the source redshift
enables us to identify signals to a lower S NR.
Fig. 8 shows Hi masses as a function of radial velocity for
the same sources shown in Fig. 7. Additionally, we recalculated
the Hi masses of the ALFALFA galaxies using pure Hubble-flow
distances in order to maintain consistency with the NIBLES cal-
culations. The green vertical arrow represents the 0.16 dex aver-
age offset in Hi mass due to difference in flux scale between the
α.40 catalog and our NRT data discussed in Paper I.
In Fig. 9 we compare the Hi mass fraction log(MHI/M?)
as a function of stellar mass (log(M?)), showing our Nançay
(NRT) detections and marginals, ALFALFA detections, and our
Arecibo sample detections, marginals, and upper limits for the
non-detections. Our Arecibo upper limits were calculated fol-
lowing the same method used in Paper I, i.e., using a line width
estimate from the upper envelope of the W20 - Lr relationship.
For ALFALFA, we also took the stellar mass estimates from the
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Fig. 8: Total Hi mass, MHI (in M), as a function of Hi radial veloc-
ity (in km s−1). Shown are the NIBLES detections and marginals from
both our Arecibo and Nançay observations (black stars and dots respec-
tively), together with data based on the ALFALFA α.40 catalog (Haynes
et al. 2011), where green dots represent detections (their Category 1)
and light blue dots represent marginals (Category 2). Excluded were all
NIBLES detections which are definitely or probably confused by an-
other galaxy within the telescope beam, as well as detections that are
likely resolved (see Paper I). The Hi masses of the ALFALFA detec-
tions were calculated in the same way as for the NIBLES sources, using
simply a distance of D = V/H0, where the adopted Hubble constant is
H0 = 70 km s−1 Mpc−1. The green vertical arrow above the legend indi-
cates the difference of 0.16 in log(MHI) corresponding to the mean Hi
flux scale difference between the α.40 catalog and our NRT data.
DR9 added-value MPA-JHU catalogs for consistency with the
NIBLES sample (see Paper I).
The distribution of log(MHI/M?) vs. log(M?) data shows the
same general trend as presented in Paper I and Papastergis et al.
(2012), with the Hi-selected galaxy samples lying at systemati-
cally higher Hi mass fractions for a given stellar mass than the
optically selected NIBLES galaxies. We note that Papastergis
et al. (2012) used their own method for estimating the stellar
masses of their sample (see Huang et al. 2012 for details). As
mentioned in Paper I, the ALFALFA fluxes are systematically
higher than ours by a factor of 1.45 due to flux scale differences
(see the 0.16 dex vertical green arrow in Fig. 9). However, even
taking this offset into account, the Hi-selected sample is has sys-
tematically higher MHI/M?ratios for a given M?than NIBLES.
To assess the parameter space probed by our Arecibo sam-
ple, we also compare the literature fit made in Papastergis et al.
(2012) of the four reference samples with Hi detections they used
to evaluate the gas-to-stellar mass ratios of local galaxies (ma-
genta), with fits to our data. We used the Buckley-James method
of linear regression, taking into account the Hi non-detections,
from the STSDAS statistics package1 to fit the Nançay (blue
line) and Arecibo (red line) samples (see also Paper I). Since the
log(MHI/M?) vs. log(M?) relationship becomes non-linear be-
low log(M?) ∼107.5, we only include masses above this cut-off
in our fits. Average uncertainties for each Arecibo source are rep-
resented by the cross below the legend. We estimate a mean 1σ
stellar mass uncertainty of about 20%, based on Kauffmann et al.
(2003), and a typical uncertainty of about 20% for the NIBLES
Arecibo gas mass fractions. Our typical gas mass fraction uncer-
1 http://stsdas.stsci.edu/cgi-bin/gethelp.cgi?statistics
tainty for the entire NIBLES sample is about 27% (see Paper I
for details).
As mentioned in Paper I, there is an increasing discrep-
ancy between the Papastergis et al. (2012) reference sample Hi
mass fraction (magenta) and the Nançay mass fraction (blue)
as a function of increasing stellar mass. When comparing our
Arecibo sample to the Nançay and Papastergis et al. (2012) sam-
ples, we see the Arecibo sample follows roughly the same trend
as the Nançay data but with an approximately 0.5 dex offset to-
ward lower Hi mass fractions. From Paper I, the Nançay regres-
sion fit is log(MHI/M?) = -0.59 log(M?) + 5.05 and the Arecibo
fit is log(MHI/M?) = -0.65 log(M?) + 5.06. Since the Arecibo
sample is a small fraction of the total NIBLES sample, we only
show this fit here to illustrate the differences in Hi mass frac-
tions of the Nançay undetected sample. If this trend is represen-
tative of the rest of the NIBLES Nançay undetected galaxies, we
would expect the NRT regression fit to be offset toward lower
mass fractions by about 0.17 dex. Taking the entire stellar mass
range into account and comparing mean Hi mass fraction val-
ues in 0.2 mag wide bins in log(M?), we find that on average
the Arecibo sample probes mass fractions that are 0.5 and 1 dex
lower in log(MHI) than the Nançay and ALFALFA detections,
respectively.
6. Conclusions
We obtained about four times more sensitive follow-up Hi obser-
vations at Arecibo of 90 NIBLES galaxies that were either not
detected or marginally detected at Nançay. We detected 80% of
these sources, which has enabled us to probe their underlying Hi
distribution. The Arecibo detections have on average five times
lower Hi masses than the Nançay upper limits estimated in Pa-
per I. Contributing to this factor of five lower mass is not only
the lower peak flux densities we are able to detect with Arecibo,
but also the ∼37% narrower line widths in our follow-up sample
compared to the Nançay detections of sources with the same op-
tical luminosity. This average difference in line width is primar-
ily driven by the low luminosity (Lr < 108.5 L) sources which
correspondingly show a higher central concentration of light.
This may be an indication that these relatively gas-poor galaxies
have, on average, a more centrally confined Hi mass distribution
compared to the Nançay detected sample in the same luminosity
range.
If we assume the g-i color and Lr distribution of Arecibo
detection fractions are representative of the entire Nançay un-
detected and marginally detected samples, we estimate ∼60%
(520) could be detected with the four times better sensitivity of
our Arecibo observations. This would put the over-all NIBLES
detection rate at about 86%.
Lastly, our Arecibo follow-up observations enabled us to
sample our Nançay undetected sample to Hi mass fractions 0.5
dex lower, on average, than our Nançay detections. Some of
these galaxies with low MHI/M? fractions lie in virtually unex-
plored parameter space (e.g., around log(Lr) = 11.5) and could
potentially be used to shed further light on galaxy evolution pro-
cesses studied by modelers, e.g., Kannappan et al. (2013).
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Fig. 9: Hi mass fraction (MHI/M?) as a function of total stellar mass, M?(in M). NIBLES Nançay detections and marginals are represented by
gray dots and open circles respectively while ALFALFA detections are represented by green dots. Our follow-up Arecibo detections and marginals
are represented by solid and open light blue stars respectively while upper limits for non-detections are shown as downward arrows. Stellar masses
used were taken from the SDSS added-value MPA-JHU catalogs (see Sect. 4). The green arrow below the legend represents the 0.16 dex average
offset between the ALFALFA and NIBLES Hi masses due to flux scale differences and the black cross indicates the average uncertainty in the
stellar masses and mass fractions (about 20% in both cases). The magenta line represents the fit to literature reference samples of Hi-detected
galaxies from Papastergis et al. (2012), the blue and red lines represent the regression fits to the Nançay and Arecibo sources, respectively, which
include estimated upper limits to Hi masses of undetected galaxies (see Paper I for further details).
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Table 3: Basic optical and Hi data – Arecibo non-detections
Source RA Dec Name Vopt g-z Mg M? sSFR rms S NR MHI MHI/M?
(J2000.0) [log] [log] [log] [log]
km/s mag mag M yr−1 mJy M
0879K 09 34 02.80 10 06 31.30 NGC 2914 3144±1 1.48 -19.80 10.37 -11.87 0.76 2.09 <8.89 <-1.45
0882M 09 35 05.80 09 38 57.10 2MASX J09350578+0938566 3408±2 1.27 -18.12 9.61 -11.36 0.61 2.80 <8.72 <-0.58
0906 09 41 16.60 10 38 49.10 IC 0552 5788±2 1.57 -20.70 10.87 -12.11 0.64 2.95 <9.31 <-1.13
1076 10 36 38.40 14 10 15.90 NGC 3300 3017±1 1.42 -20.24 10.53 -12.29 0.49 2.18 <8.56 <-1.45
1146 11 00 35.40 12 09 41.60 NGC 3491 6351±2 1.59 -21.12 11.06 -12.65 0.56 2.29 <9.11 <-1.13
1224 11 21 24.90 03 00 50.10 NGC 3643 1742±2 1.19 -17.98 9.53 -11.41 0.88 2.05 <8.35 <-1.05
1849 13 24 10.00 13 58 35.50 NGC 5129 6885±2 1.45 -22.28 11.34 -12.51 0.58 1.47 <9.20 <-1.31
1893 13 38 43.10 31 16 13.90 CGCG 161-101 4699±2 1.53 -19.85 10.52 -12.39 0.60 2.62 <9.07 <-1.17
1951 13 52 26.70 14 05 28.60 IC 0948 6892±2 1.54 -21.33 11.14 -12.69 0.40 2.92 <9.01 <-1.31
2016K 14 02 48.60 09 20 28.90 NGC 5423 5910±2 1.47 -21.20 11.06 -12.67 0.47 2.80 <9.09 <-1.30
2401 21 04 51.99 00 26 52.70 CGCG 374-042 4129±2 1.36 -18.88 9.95 -12.02 0.63 2.35 <8.95 <-0.34
2406 21 16 24.80 10 16 24.10 CGCG 426-029 5175±2 1.26 -19.54 10.15 -11.09 0.59 2.19 <9.16 <-0.57
2418M 21 31 37.60 11 49 53.90 CGCG 426-062 8643±3 1.70 -21.05 11.15 -12.19 0.95 1.78 <9.87 <-0.98
2430 21 50 27.60 12 38 10.30 2MASX J21502753+1238103 6507±2 1.42 -18.75 9.98 -11.69 0.62 2.64 <9.33 <-0.16
2442 22 04 08.80 -00 55 31.90 ASK 22153 4825±16 0.82 -16.68 8.66 -10.35 0.15 3.14 <8.36 <0.86
Table 3: Marginal and confused Nançay detections are flagged with an M and K respectively. The MHI and MHI/M?columns list upper limit
values.
Article number, page 11 of 22
A&A proofs: manuscript no. NIBLES_AO
Ta
bl
e
4:
B
as
ic
op
tic
al
an
d
H
i
da
ta
–
co
m
pa
ri
so
n
of
A
re
ci
bo
an
d
N
an
ça
y
de
te
ct
io
ns
So
ur
ce
R
A
D
ex
N
am
e
V
op
t
g-
z
M
g
M
?
sS
F
R
rm
s
rm
s
V
H
I
V
H
I
W
50
W
50
F
H
I
F
H
I
S
/N
S
/N
M
H
I
M
H
I
Te
le
sc
op
e
A
O
N
R
T
A
O
N
R
T
A
O
N
R
T
A
O
N
R
T
A
O
N
R
T
A
O
N
R
T
(J
20
00
.0
)
[l
og
]
[l
og
]
[l
og
]
[l
og
]
km
/s
m
ag
m
ag
M

yr
−1
m
Jy
m
Jy
km
/s
km
/s
km
/s
km
/s
Jy
km
/s
Jy
km
/s
M

M

00
47
00
20
48
.6
0
14
13
27
.8
0
2M
A
SX
J0
02
04
85
7+
14
13
28
3
53
44
±1
0.
91
-1
8.
34
9.
31
-9
.5
1
0.
61
1.
69
53
48
±7
52
60
±7
10
7
55
0.
65
±0
.0
7
0.
3±
0.
1
16
.5
1
4.
03
8.
95
8.
63
03
37
02
59
14
.5
0
00
33
59
.7
0
A
SK
37
36
7
27
54
±2
0.
18
-1
5.
42
8.
12
—
-
0.
59
2.
21
27
60
±1
27
27
±1
1
53
56
1.
17
±0
.0
5
0.
5±
0.
2
44
.2
5
4.
76
8.
63
8.
24
05
76
08
01
58
.9
0
21
22
19
.1
0
A
SK
36
32
90
20
89
±3
0.
54
-1
4.
98
—
-
—
-
0.
61
2.
16
20
87
±2
20
58
±6
77
91
0.
70
±0
.0
6
0.
6±
0.
2
20
.9
4
4.
70
8.
16
8.
08
06
13
K
08
17
53
.9
3
24
41
12
.0
0
A
SK
36
37
97
20
65
±2
-0
.2
5
-1
4.
52
7.
14
-8
.9
8
0.
53
1.
54
20
69
±2
20
30
±2
49
13
4
1.
83
±0
.0
5
10
.1
±0
.2
79
.4
7
93
.3
9
8.
58
9.
31
06
19
C
3
08
18
19
.7
0
24
31
36
.9
0
IC
22
71
22
13
±2
0.
45
-1
7.
07
8.
29
-9
.4
3
0.
66
3.
58
22
27
±4
22
08
±3
74
68
2.
47
±0
.0
7
2.
0±
0.
3
70
.8
0
11
.2
8
8.
77
8.
68
06
48
08
24
17
.9
9
20
30
49
.4
0
A
SK
52
28
89
21
66
±3
0.
69
-1
6.
44
7.
69
-9
.3
2
0.
51
2.
51
21
70
±5
21
46
±2
2
78
12
1
0.
76
±0
.0
6
0.
9±
0.
3
27
.6
6
5.
58
8.
24
8.
32
07
17
08
44
28
.6
0
31
21
23
.4
0
A
SK
28
20
97
22
00
±5
0.
50
-1
5.
63
7.
84
-9
.5
5
0.
55
2.
95
21
99
±1
21
75
±6
14
0
13
5
2.
57
±0
.0
7
1.
8±
0.
3
64
.3
1
8.
56
8.
78
8.
61
07
69
08
58
00
.6
0
25
41
52
.4
0
A
SK
48
69
34
18
97
±0
0.
34
-1
5.
13
7.
43
-9
.1
9
0.
56
2.
90
18
88
±2
18
78
±7
78
75
0.
69
±0
.0
5
0.
7±
0.
3
22
.3
3
4.
30
8.
07
8.
05
08
27
09
14
48
.8
0
33
01
15
.3
0
2M
A
SX
J0
91
44
88
0+
33
01
14
8
18
19
±2
0.
59
-1
6.
25
8.
12
-9
.4
9
0.
57
2.
95
18
19
±9
18
05
±8
46
76
0.
40
±0
.0
6
0.
4±
0.
3
16
.6
6
2.
75
7.
80
7.
83
08
54
09
21
14
.9
9
09
43
52
.2
0
A
SK
29
32
55
13
83
±2
0.
65
-1
3.
92
7.
24
-9
.6
2
0.
57
2.
45
13
73
±4
13
51
±4
46
48
0.
16
±0
.0
4
0.
3±
0.
2
6.
61
2.
55
7.
15
7.
37
08
77
C
K
R
09
33
46
.1
0
10
09
09
.0
0
N
G
C
29
11
32
31
±2
1.
73
-2
0.
46
11
.0
4
-1
3.
08
0.
79
1.
60
32
05
±2
2
31
06
±6
7
42
2
31
4
4.
72
±0
.1
9
2.
3±
0.
4
47
.4
2
13
.6
3
9.
37
9.
05
10
00
10
12
52
.8
0
22
43
19
.2
0
C
G
C
G
12
3-
02
4
12
81
±3
0.
80
-1
6.
05
8.
16
-9
.7
3
0.
64
3.
08
12
93
±2
12
77
±6
10
9
10
4
1.
27
±0
.0
7
0.
6±
0.
3
30
.8
3
3.
10
8.
01
7.
67
10
25
K
10
18
10
.3
0
07
08
34
.7
0
A
SK
23
03
24
37
79
±2
0.
68
-1
7.
39
8.
71
-9
.8
0
0.
81
2.
68
37
77
±8
36
66
±1
7
12
1
18
4
1.
55
±0
.1
1
4.
8±
0.
4
28
.0
4
21
.6
5
9.
03
9.
50
10
47
10
25
46
.4
0
05
39
06
.7
0
C
G
C
G
03
7-
03
3
11
54
±2
0.
35
-1
4.
88
7.
38
-1
0.
54
0.
55
2.
24
11
55
±1
11
46
±8
97
10
2
2.
89
±0
.0
6
2.
4±
0.
3
86
.7
2
17
.3
1
8.
27
8.
18
11
26
10
54
21
.9
0
27
14
22
.1
0
N
G
C
34
51
13
56
±1
1.
04
-1
8.
19
—
-
—
-
0.
63
2.
55
13
35
±1
13
26
±3
23
8
23
5
7.
27
±0
.1
0
6.
1±
0.
4
12
2.
40
25
.9
0
8.
80
8.
72
11
56
K
11
03
59
.8
0
27
56
16
.1
0
PG
C
45
71
78
1
14
24
±2
0.
69
-1
3.
45
6.
99
-9
.7
0
0.
65
2.
28
14
13
±1
7
13
66
±2
10
3
19
1
0.
64
±0
.0
9
4.
4±
0.
3
15
.6
4
22
.9
3
7.
79
8.
60
11
61
11
05
32
.5
0
17
38
22
.5
0
2M
A
SX
J1
10
53
25
3+
17
38
22
8
10
39
±2
0.
75
-1
6.
24
8.
30
-1
0.
00
0.
77
1.
56
10
42
±1
10
30
±5
97
95
2.
06
±0
.0
8
1.
6±
0.
2
44
.2
9
16
.9
2
8.
03
7.
90
11
88
11
12
39
.8
0
09
03
21
.0
0
IC
06
76
14
12
±3
1.
37
-1
8.
26
9.
69
-1
0.
30
1.
27
1.
85
14
33
±7
14
30
±2
6
18
8
14
5
1.
66
±0
.1
8
1.
2±
0.
3
15
.5
7
8.
81
8.
21
8.
07
12
38
K
11
22
50
.7
0
12
20
41
.5
0
IC
27
81
15
47
±1
0.
44
-1
5.
17
7.
45
-9
.3
5
0.
61
2.
39
15
46
±2
15
58
±1
3
82
10
6
1.
26
±0
.0
6
1.
4±
0.
3
36
.9
5
9.
50
8.
16
8.
22
12
42
11
23
07
.0
0
30
28
44
.1
0
K
U
G
11
20
+
30
7
16
10
±1
0.
61
-1
6.
73
8.
27
-9
.4
8
0.
57
3.
27
16
17
±2
16
11
±9
10
4
95
2.
86
±0
.0
6
2.
6±
0.
4
79
.8
0
13
.2
6
8.
56
8.
51
12
91
11
31
08
.9
0
13
34
13
.4
0
A
SK
43
33
48
10
19
±2
0.
40
-1
3.
31
6.
77
-9
.2
9
0.
74
1.
09
10
21
±2
10
10
±5
38
50
0.
49
±0
.0
5
0.
3±
0.
1
17
.3
0
6.
11
7.
39
7.
15
12
96
11
31
44
.6
0
34
20
00
.2
0
U
G
C
06
51
2
18
71
±3
0.
58
-1
7.
87
8.
69
-9
.5
6
0.
75
1.
81
18
66
±1
18
53
±0
15
5
15
4
9.
32
±0
.0
9
8.
1±
0.
2
16
1.
74
60
.0
0
9.
19
9.
13
13
49
K
11
41
29
.8
0
32
20
59
.5
0
M
rk
07
46
18
04
±1
0.
31
-1
6.
69
7.
94
-9
.1
6
0.
60
3.
05
18
42
±5
18
06
±4
10
7
12
9
3.
60
±0
.0
7
8.
4±
0.
4
94
.9
2
39
.9
9
8.
77
9.
12
14
26
11
54
01
.6
0
16
43
24
.0
0
PG
C
16
61
16
98
3±
1
-0
.4
3
-1
3.
59
7.
04
-9
.4
5
0.
57
2.
76
97
8
±1
97
0
±4
32
35
0.
89
±0
.0
4
0.
8±
0.
2
44
.2
8
8.
55
7.
61
7.
59
14
27
11
54
04
.4
0
30
06
34
.6
0
PG
C
43
01
30
9
98
0±
9
0.
18
-1
3.
61
6.
76
-9
.4
1
0.
54
3.
56
97
0
±1
96
8
±2
68
69
2.
93
±0
.0
5
2.
4±
0.
3
10
8.
38
13
.3
3
8.
12
8.
03
15
01
12
04
04
.5
0
28
58
58
.2
0
K
U
G
12
01
+
29
2
92
0±
1
0.
78
-1
5.
58
—
-
—
-
0.
46
1.
17
91
2
±2
90
8
±1
4
69
62
0.
69
±0
.0
4
0.
5±
0.
1
29
.2
6
8.
16
7.
44
7.
26
15
28
12
08
24
.2
0
03
00
47
.9
0
A
SK
07
58
14
88
0±
2
0.
64
-1
2.
39
6.
58
-9
.5
6
0.
78
1.
75
88
4
±4
85
9
±6
31
33
0.
10
±0
.0
5
0.
2±
0.
1
3.
80
2.
70
6.
58
6.
77
15
72
12
13
48
.3
0
12
41
25
.9
0
IC
30
52
81
2±
14
0.
38
-1
3.
60
7.
03
-1
0.
16
0.
64
3.
59
84
7
±1
83
4
±9
61
85
0.
67
±0
.0
5
0.
7±
0.
3
21
.9
8
3.
27
7.
36
7.
34
16
25
12
21
07
.0
0
00
27
40
.8
0
A
SK
57
0
18
94
±1
0.
27
-1
4.
81
7.
20
-8
.9
6
0.
72
1.
60
18
90
±4
18
75
±7
39
49
0.
43
±0
.0
6
0.
4±
0.
1
15
.5
0
5.
54
7.
87
7.
81
16
31
R
12
22
03
.9
0
09
02
05
.6
0
N
G
C
43
07
96
2±
14
1.
63
-1
7.
74
—
-
—
-
0.
53
1.
79
10
53
±2
10
55
±2
0
31
0
33
1
1.
16
±0
.0
9
1.
2±
0.
3
20
.5
6
6.
09
7.
79
7.
81
16
33
12
22
08
.2
0
15
47
56
.4
0
V
C
C
05
30
13
01
±1
0
-0
.0
8
-1
4.
91
—
-
—
-
0.
65
1.
51
12
96
±1
12
88
±5
36
42
0.
60
±0
.0
5
0.
6±
0.
1
24
.9
2
10
.6
4
7.
69
7.
71
17
90
13
05
18
.8
0
36
06
10
.4
0
IC
41
71
12
01
±3
0.
48
-1
5.
62
7.
71
-9
.9
3
0.
77
2.
94
12
06
±1
11
97
±2
11
5
11
1
4.
99
±0
.0
8
3.
8±
0.
3
98
.6
1
20
.3
6
8.
54
8.
42
18
97
13
39
22
.3
4
31
14
57
.6
0
A
SK
52
69
59
70
3±
2
0.
28
-1
3.
50
6.
72
-9
.1
4
0.
48
2.
45
70
2
±2
69
4
±3
41
51
2.
17
±0
.0
4
1.
8±
0.
2
11
5.
15
16
.9
2
7.
71
7.
62
20
68
14
12
58
.5
5
09
55
15
.9
0
C
G
C
G
07
4-
14
0
70
54
±2
1.
26
-2
0.
11
10
.3
2
-9
.9
4
0.
49
1.
79
70
79
±2
69
10
±1
1
29
0
29
1
1.
80
±0
.0
8
1.
6±
0.
3
34
.9
4
8.
60
9.
64
9.
59
21
76
14
35
33
.3
0
12
54
29
.6
0
U
G
C
09
38
9
18
35
±2
0.
67
-1
7.
92
8.
86
-1
0.
16
0.
40
1.
34
18
26
±1
18
11
±0
22
9
23
0
16
.3
2±
0.
06
14
.4
±0
.2
43
8.
20
11
7.
39
9.
42
9.
36
21
78
14
35
50
.1
0
02
36
19
.7
0
A
SK
83
31
9
15
69
±9
0.
47
-1
5.
23
6.
18
—
-
0.
50
3.
48
15
57
±1
15
50
±5
63
56
2.
19
±0
.0
4
1.
8±
0.
3
89
.0
9
11
.6
8
8.
41
8.
33
22
24
14
45
33
.6
0
31
54
56
.1
0
A
SK
47
02
06
12
08
±1
4
-0
.6
1
-1
3.
60
7.
12
-1
0.
73
0.
62
1.
91
12
12
±1
12
03
±5
74
75
0.
94
±0
.0
6
0.
9±
0.
2
28
.8
4
8.
56
7.
82
7.
78
22
47
14
52
43
.5
0
11
40
19
.9
0
A
SK
41
75
78
18
03
±4
0.
63
-1
5.
32
7.
75
-9
.4
4
0.
54
3.
40
18
02
±1
17
84
±5
12
3
10
9
2.
10
±0
.0
6
1.
5±
0.
4
57
.5
7
7.
09
8.
52
8.
37
23
41
15
55
22
.4
0
02
55
15
.1
0
A
SK
10
49
91
19
98
±7
0.
30
-1
4.
44
7.
23
-9
.5
4
0.
50
2.
90
20
02
±1
19
93
±8
65
72
0.
67
±0
.0
4
0.
6±
0.
3
26
.8
4
3.
91
8.
11
8.
05
24
14
21
23
18
.4
0
01
15
18
.1
0
2M
A
SX
J2
12
31
84
1+
01
15
17
5
54
58
±2
1.
51
-1
8.
72
10
.0
8
-1
0.
43
0.
90
1.
51
54
67
±9
53
97
±2
1
23
6
22
7
1.
32
±0
.1
4
1.
1±
0.
2
15
.4
6
7.
68
9.
28
9.
19
24
17
K
21
30
25
.8
8
-0
0
28
27
.7
0
2M
A
SX
J2
13
02
58
9-
00
28
27
2
59
64
±2
1.
48
-1
8.
56
9.
91
-1
0.
10
0.
67
1.
74
60
08
±5
59
05
±2
1
26
7
26
9
2.
00
±0
.1
1
2.
6±
0.
3
29
.5
4
15
.1
2
9.
54
9.
66
24
19
21
35
03
.6
0
10
57
36
.2
0
A
SK
13
89
54
34
90
±7
0.
63
-1
6.
60
8.
06
-9
.6
0
0.
30
2.
30
35
02
±1
34
65
±3
5
12
8
96
0.
77
±0
.0
3
0.
6±
0.
3
37
.0
6
4.
53
8.
66
8.
57
24
21
21
41
11
.2
0
12
43
15
.8
0
A
SK
13
94
85
62
06
±3
0.
52
-1
7.
81
8.
81
-9
.7
2
0.
49
1.
50
62
07
±1
60
80
±1
3
16
1
13
9
0.
64
±0
.0
6
0.
7±
0.
2
16
.6
0
6.
52
9.
08
9.
12
24
28
21
45
22
.6
0
12
16
06
.3
0
A
SK
13
95
20
57
76
±4
0.
36
-1
6.
80
8.
21
-9
.4
1
0.
56
1.
73
57
99
±3
56
89
±8
11
8
14
8
0.
49
±0
.0
6
0.
4±
0.
2
12
.8
7
3.
46
8.
90
8.
86
24
34
C
K
D
21
52
37
.9
0
12
32
09
.0
0
C
G
C
G
42
7-
03
2
87
24
±3
1.
83
-2
0.
88
11
.1
6
-1
1.
90
1.
49
2.
58
85
40
±1
3
84
69
±7
93
13
9
1.
01
±0
.1
8
0.
5±
0.
3
11
.1
1
2.
76
9.
55
9.
28
24
35
21
54
17
.9
9
00
56
31
.5
0
2M
A
SX
J2
15
41
79
9+
00
56
31
8
29
76
±1
0.
42
-1
7.
39
8.
36
-9
.1
8
0.
61
2.
73
29
91
±8
29
43
±1
0
13
8
18
6
1.
58
±0
.0
9
1.
2±
0.
4
35
.6
8
5.
36
8.
83
8.
71
24
39
22
00
44
.1
0
12
18
03
.0
0
A
SK
14
00
28
88
00
±1
0.
27
-1
8.
13
6.
89
-9
.4
5
0.
47
1.
70
87
85
±6
85
44
±5
12
8
14
2
1.
07
±0
.0
6
0.
9±
0.
2
32
.1
0
6.
90
9.
60
9.
51
24
41
22
03
15
.9
9
00
34
15
.9
0
N
G
C
71
89
90
20
±1
1.
45
-2
1.
51
11
.1
0
-1
0.
63
0.
63
3.
00
90
54
±3
87
74
±3
8
39
1
39
3
2.
58
±0
.1
2
3.
2±
0.
6
33
.2
9
8.
79
10
.0
1
10
.1
0
24
49
C
K
22
21
33
.7
0
12
31
22
.3
0
A
SK
14
05
19
77
71
±1
0.
89
-1
8.
50
—
-
—
-
0.
46
1.
79
77
69
±5
75
78
±1
3
40
5
36
4
1.
86
±0
.0
9
1.
8±
0.
3
32
.3
0
8.
63
9.
73
9.
72
24
50
22
22
08
.8
0
12
04
24
.1
0
A
SK
14
10
77
51
25
±4
0.
71
-1
6.
44
8.
68
-9
.4
6
0.
53
1.
53
51
08
±1
50
26
±1
1
15
5
14
9
1.
20
±0
.0
7
0.
8±
0.
2
29
.0
2
6.
81
9.
18
8.
99
Article number, page 12 of 22
Z. Butcher et al.: NIBLES – Arecibo follow-up Hi observations
Ta
bl
e
4:
–
co
nt
in
ue
d.
So
ur
ce
R
A
D
E
C
N
am
e
V
op
t
g-
z
M
g
M
?
sS
F
R
rm
s
rm
s
V
H
I
V
H
I
W
50
W
50
F
H
I
F
H
I
S
/N
S
/N
M
H
I
M
H
I
Te
le
sc
op
e
A
O
N
R
T
A
O
N
R
T
A
O
N
R
T
A
O
N
R
T
A
O
N
R
T
A
O
N
R
T
(J
20
00
.0
)
[l
og
]
[l
og
]
[l
og
]
[l
og
]
km
/s
m
ag
m
ag
M

yr
−1
m
Jy
m
Jy
km
/s
km
/s
km
/s
km
/s
Jy
km
/s
Jy
km
/s
M

M

24
64
22
39
31
.3
1
-0
0
40
36
.1
0
A
SK
23
60
8
77
28
±3
0.
58
-1
7.
19
—
-
—
-
0.
82
1.
83
77
19
±2
75
07
±1
1
15
8
14
6
0.
99
±0
.1
0
0.
6±
0.
2
15
.4
4
4.
33
9.
45
9.
23
24
69
K
22
40
57
.5
8
-0
1
15
08
.7
0
PG
C
11
23
19
7
47
47
±3
1.
48
-1
8.
99
10
.1
0
-1
1.
15
0.
77
1.
33
47
60
±5
47
34
±9
78
21
1
0.
36
±0
.0
7
0.
7±
0.
2
8.
46
5.
58
8.
59
8.
86
Ta
bl
e
4:
A
O
=
A
re
ci
bo
,N
R
T
=
N
an
ça
y.
Fl
ag
s
us
ed
in
co
lu
m
n
So
ur
ce
:C
fo
r
cl
ea
r
co
nf
us
io
n
w
ith
an
ot
he
r
ga
la
xy
w
ith
in
th
e
A
re
ci
bo
te
le
sc
op
e
be
am
,C
3
fo
r
an
ot
he
r
ga
la
xy
in
th
e
be
am
th
at
is
un
lik
el
y
to
ca
us
e
co
nf
us
io
n
an
d
K
fo
rs
ou
rc
es
co
nf
us
ed
w
ith
in
th
e
N
an
ça
y
te
le
sc
op
e
be
am
.
Article number, page 13 of 22
A&A proofs: manuscript no. NIBLES_AO
Table 5: Basic optical and Hi data – Arecibo detected galaxies not included in the final Nançay sample
Source RA Dec Name Vopt g-z Mg M? sSFR rms VHI W50 W20 FHI S NR S/N MHI MHI/M?
(J2000.0) [log] [log] [log] [log]
km/s mag mag M yr−1 mJy km/s km/s km/s Jy km/s M
2601 01 21 02.95 00 51 05.30 ASK 032535 2438±1 0.43 -15.61 7.71 -9.40 0.88 2433±6 25 37 0.06±0.05 2.6 2.0 7.20 -0.51
2602 08 17 07.90 24 33 45.70 ASK 363798 2127±2 0.42 -15.27 6.30 -9.65 0.52 2126±1 63 79 1.39±0.04 18.1 54.6 8.48 2.18
2603 08 18 50.20 22 06 55.30 CGCG 119-044 3484±2 0.58 -17.88 8.74 -9.53 0.63 3494±1 124 138 1.88±0.07 16.2 43.1 9.04 0.31
2604 08 46 47.29 13 42 24.40 CGCG 061-011 2141±3 0.77 -16.59 8.47 -9.89 0.55 2142±1 66 89 1.46±0.05 18.1 52.8 8.51 0.04
2605 08 52 31.44 00 51 12.80 ASK 058363 3252±1 0.62 -15.41 7.81 -9.70 0.48 3259±3 80 95 0.13±0.04 6.2 4.8 7.81 0.01
2606 11 37 48.50 22 41 28.60 NGC 3772 3551±2 1.42 -19.75 10.35 -11.73 0.39 3423±7 112 137 0.16±0.04 4.8 6.2 7.95 -2.40
2607 11 40 13.90 24 41 49.40 NGC 3798 3567±2 1.47 -20.39 10.61 -10.70 0.74 3552±4 389 415 1.97±0.14 9.8 21.9 9.08 -1.53
2608 14 18 53.47 09 17 28.70 ASK 456832 1201±1 -1.17 -13.37 6.94 -9.40 0.28 1208±2 49 71 0.28±0.02 14.0 23.5 7.30 0.36
2609 14 45 20.20 34 19 48.10 ASK 394205 1666±5 0.38 -14.83 7.35 -9.25 0.61 1668±2 45 75 0.84±0.05 16.5 33.6 8.05 0.71
2610 21 30 59.86 -00 00 02.10 CGCG 375-048 9034±3 0.95 -20.72 10.22 -10.55 0.97 9052±2 228 252 3.36±0.15 13.7 36.6 10.12 -0.09
Table 5: Sources which were excluded from the original data release in Paper I due to observational problems.
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Appendix A: Baseline derippling
Fig. A.1: Illustration of the removal of a baseline ripple, in source 1260. a. Original observed Hi line spectrum, flux density (mJy) as a function of
heliocentric velocity with the standing wave over-layed in red. b. Spectral power density (mJy/period) vs. period for the Fourier transform where
the spikes in power density corresponding to 78 channels due to the baseline ripple are clearly much higher than the rest of the spectrum. c. The
reverse Fourier transform of b with the 78 channel period peaks removed. The standing wave has clearly been eliminated from the spectrum and
the source signal is now easily identified. The vertical magenta dashed line indicates the SDSS optical velocity. This illustration represents one of
two cases in our sample where this procedure was used. Source 1260 contained the stronger of the two standing waves.
Two of our sources, 1260 and 2434 (i.e., PGC 4546173 and CGCG 427-032), suffered from a baseline ripple with a wavelength
of approximately 210 km s−1 due to reflected radiation in the telescope structure (see Briggs et al. 1997; Wilson et al. 2009). At
Arecibo, this effect is caused by the formation of a standing wave between the primary mirror and receiver cabin. It can be caused
by a number of phenomena but is typically the result of a strong continuum source or broadband terrestrial RFI. The ripple shows
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up in the spectrum as a result of a slight phase variation between the ON and OFF scans. In Fourier space, this manifests itself as
a narrow spike corresponding to a period across 78 correlator channels or a wavelength of ∼300m (frequency of ∼1 MHz). This is
wavelength is exactly what one would expect to see in a standing wave since they form in multiples of half-wavelength distances
between two reflecting surfaces. The distance between the primary mirror and the receiver cabin is 150m.
To illustrate this phenomenon, in Fig. A.1a we show the spectrum of source 1260 as it originally appeared with the standing
wave easily apparent, which we have over-layed in red for reference. The Fourier transform (Fig. A.1b) shows the effect of the
ripple as two clearly identifiable spikes. After removing the offending period and doing an inverse Fourier transform (Fig. A.1c),
the source signal is much more easily identified, resulting in a detection.
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Appendix B: Arecibo spectra
Fig. B.1: a. Color (g,r and i band composite) images from the SDSS alongside 21-cm Hi line spectra of galaxies clearly detected at Arecibo. The
size of each image is 2′× 2′with the NIBLES source number indicated in the upper left corner, absolute z-band magnitude, Mz, in the top center
and log(MHI) in Min the top right corner of each image. The vertical axis in the spectra is flux density in mJy, the horizontal axis is heliocentric
radial velocity (cz) in km s−1. The SDSS recession velocity is denoted by a vertical dashed magenta line, the mean Hi velocity by the blue triangle
and the W50 line width by the horizontal blue arrow bar. Confused galaxies are denoted by their confusion code from Sect. 4 in the upper right
portion of the spectrum. Velocity resolution is 18.7 km s−1.
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Fig. B.1: b. Color images from the SDSS alongside the 21-cm Hi line spectra of galaxies clearly detected at Arecibo (cont.).
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Fig. B.1: c. Color images from the SDSS alongside the 21-cm Hi line spectra of galaxies clearly detected at Arecibo (cont.).
Article number, page 19 of 22
A&A proofs: manuscript no. NIBLES_AO
Fig. B.1: d. Color images from the SDSS alongside the 21-cm Hi line spectra of galaxies clearly detected at Arecibo (cont.).
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Fig. B.1: e. Color images from the SDSS alongside the 21-cm Hi line spectra of galaxies clearly detected at Arecibo (cont.).
Fig. B.2: Color images from the SDSS alongside the 21-cm Hi line spectra of galaxies marginally detected at Arecibo. See Figure B.1 for further
details.
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Fig. B.3: Color images from the SDSS alongside the 21-cm Hi line spectra of galaxies undetected at Arecibo. See Figure B.1 for further details.
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